Background: Rapid advances in liver imaging have improved the evaluation of hepatocarcinogenesis and early diagnosis and treatment of hepatocellular carcinoma (HCC). In this situation, detection of early-stage HCC in its development is important for the improvement of patient survival and optimal treatment strategies. Because early HCCs are considered precursors of progressed HCC, precise differentiation between a dysplastic nodule (DN), especially a high-grade DN, and early HCC is important. In clinical practice, these nodules are frequently called "borderline hepatic nodules." Summary: This article discusses radiological and pathological characteristics of these borderline hepatic nodules and offers an understanding of multistep hepatocarcinogenesis by focusing on the descriptions of the imaging changes in the progression of DN and early HCC. Detection and accurate diagnosis of borderline hepatic nodules are still a challenge with contrast enhanced ultrasonography, CT, and MRI with extracellular contrast agents. However, gadoxetic acid-enhanced MRI may be useful for improving the diagnosis of these borderline nodules. Key Messages: Since there is a net effect of incomplete neoangiogenesis and decreased portal venous flow in the early stage of hepatocarcinogenesis, borderline hepatic nodules commonly show iso-or hypovascularity. Therefore, precise differentiation of these nodules remains a challenging issue. In MRI using hepatobiliary contrast agents, signal intensity of HCCs on hepatobiliary phase (HBP) is regarded as a potential imaging biomarker. Borderline hepatic nodules are seen as nonhypervascular and hypointense nodules on the HBP, which is important for predicting tumor behavior and determining appropriate therapeutic strategies.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common tumor and the third most common cause of death in the world [1] [2] [3] [4] . Approximately 80% of HCCs develop in cirrhotic liver caused by various long-standing hepatic injuries including chronic hepatitis B or C virus infections, alcohol, nonalcoholic steatohepatitis or autoimmune hepatitis [5] . The prognosis of patients with HCC depends largely on the stage at which the tumor is detected. Treatments with curative intentions such, as liver transplantation, surgical resection, or radiofrequency ablation, are applicable only in patients with early-stage HCC, and may provide much better survival than in those with advanced-stage HCC [6] . Therefore, detection of the early-stage HCC in its development is essential for the improvement of patient survival. However, precise diagnosis of the tumor is sometimes challenging not only by imaging techniques but also by histopathological examinations.
Meanwhile, long-standing chronic inflammations evoke genetic variations resulting in hepatocarcinogenesis [7] . In this condition, HCC frequently shows multistep hepatocarcinogenesis characterized by the sequence from dysplastic nodule (DN), early HCC to progressed HCC [8] . Because early HCCs are considered precursors of progressed HCC, the precise differentiation between DN (especially high-grade DN) and early HCC is important [9, 10] . In clinical practice, these nodules are frequently called "borderline hepatic nodules." However, detection and precise differentiation of borderline hepatic nodules have been difficult and remain uncertain to date. The main reason for these issues is that the pathological features of these borderline nodules are very similar [11] .
Rapid advances in liver imaging have improved the evaluation of hepatocarcinogenesis and the early diagnosis of HCC. These imaging technologies include contrast enhanced ultrasonography (CEUS), multidetector row CT, and high-quality magnetic resonance imaging (MRI) with tissue-specific contrast agents. However, there are still limitations to an accurate characterization and diagnosis of borderline hepatic nodules.
This article discusses radiological and pathological characteristics of these borderline hepatic nodules and offers insight into the multistep hepatocarcinogenesis by focusing on describing the imaging changes involved in the progression of DN and early HCC.
Hepatocarcinogenesis: Pathological Changes
Hepatocarcinogenesis is a multistep process characterized by the progression of successively more advanced precancerous, early cancerous, and progressed cancerous lesions [10, [12] [13] [14] [15] . During multistep hepatocarcinogenesis, the most common terminology of the International Working Party of the World Congress of Gastroenterology (ICGHN) specified regenerating nodules (RNs), low-grade DNs (LGDNs), high-grade DNs (HGDNs), and HCC as the steps involved in the progression from RN to HCC [15] [16] [17] [18] [19] .
Borderline hepatic nodules include precancerous lesions such as dysplastic foci and DNs, as well as early HCC [17] . Pathologically, dysplastic foci are defined as clusters of hepatocytes with precancerous features such as small cell change, measuring less than 1 mm in diameter [20] . Therefore, these small lesions are not detected by in vivo imaging, which remains a challenge for future investigation. DNs are precancerous hepatocellular lesions that contain dysplastic features without histological evidence for malignancy. They are subcategorized into LGDN and HGDN depending on the presence of cytological and architectural atypia [15, 16, 21, 22] . DNs are about 1-1.5 cm in diameter and are differentiated from the surrounding parenchyma by size, color, and texture [10] . The cells of HGDNs show cellular atypia; however, the atypia is insufficient for establishing a diagnosis of HCC. Clinically, HGDNs are considered precursors of HCC with a high risk of transformation [10, 23] . Histologically, DNs may contain more copper and/or iron than background liver [24] .
LGDNs and most HGDNs have relatively preserved arterial blood supply; therefore, they usually show isoattenuation or isointensity with respect to the liver on the arterial phase of the CT image or MRI. Therefore, they are not well visualized by CT or MRI.
Recently, an international consensus has been reached regarding the histological features of an early HCC, which is an early stage of HCC development with indistinct margins ("HCC of vaguely nodular type" or "small and early HCC") in contrast to small and progressed HCC with distinct margins ("HCC of distinctly nodular type" or "small and progressed HCC") [16, 17] . Small HCC is arbitrarily defined as carcinomas measuring <2 cm in diameter. Early HCCs are similar to "carcinoma in situ" of other organs, and show replacing growth into the surrounding parenchyma [10] . The key pathological feature of early HCCs which is helpful for differentiating them from HGDNs is stromal invasion, which is defined as the infiltration of tumor cells into the fibrous tissue surrounding the portal tracts and replacing growth. They are considered precursors of progressed HCCs, not showing vascular invasion or intrahepatic metastases [16] . It is suggested that detection of heat shock protein-70, glutamine synthetase, and glypican-3 by immunohistochemical stains is a useful adjunct in distinguishing early HCC from DNs [25, 26] . In contrast, "small and progressed HCCs" or "small distinctly nodular HCCs" show expansive growth, frequently form a tumor capsule, and are associated with vascular invasion, as well as intrahepatic metastases [10] . Therefore, the precise diagnosis of early HCC and adequate management may prolong patient survival. However, pathological features of an early HCC are quite similar to those of an HGDN [11] . Besides, it is still recognized that there are considerable differences between Western and Eastern pathologists in the pathological diagnosis of borderline nodules, including DN and early HCC causing difficulty in research and clinical management of these lesions. Many early HCCs diagnosed by Japanese pathologists tend to be diagnosed as HGDNs by Western pathologists. By contrast, most HGDNs diagnosed by Western pathologists tend to be diagnosed as well-differentiated HCC by the Japanese [27] .
Key Alterations during Hepatocarcinogenesis
During the hepatocarcinogenesis, Kupffer cell density, hepatocyte function, portal tracts, and organic anionic transporting polypeptide (OATP) expression simultaneously and gradually decrease, while sinusoidal capillarization and recruitment of unpaired arterioles develop. In addition, venous drainage from hepatic veins diverts to portal veins. Intranodular fat content usually increases in early hepatocarcinogenesis, but regresses in progressed HCC ( Fig. 1 ) [28, 29] .
Angiogenesis and Venous Drainage
Neoangiogenesis is characterized by the development of nontriadal or unpaired arteries and sinusoidal capillarization detected by immunohistochemical stain for CD34. Unpaired arteries are isolated arteries unaccompanied by portal veins or bile ducts. The vascular supply of DNs is derived from unpaired arteries and portal tracts, which are induced by growth factor produced by lesional cells [30] [31] [32] . It gradually advances according to the development of multistep hepatocarcinogenesis. In small and early HCCs, neoangiogenesis is not fully developed yet. In early HCCs, the zone of sinusoidal capillarization is sparse, and the number of unpaired arteries is small [30, 31] . Glutamine synthetase (a target protein of β-catenin), glypican-3 (a membrane proteoglycan), and heat shock protein-70 (a chaperone stress protein) have recently been reported for the early detection of early HCCs. Tissue detection of at least 2 immunomarkers can differentiate malignancy in an equivocal hepatocellular nodule [33, 34] . In parallel with these alterations, nontumoral hepatic arteries and portal veins (portal tracts) gradually diminish [29] . During hepatocarcinogenesis, venous drainage diverts from hepatic veins in cases with RNs, DNs, and early HCCs through sinusoids to portal veins in cases with progressed HCCs with fibrous capsules [35, 36] .
Fat and Iron Contents
In the early stage of hepatocarcinogenesis, LGDNs, HGDNs, and early HCCs show increased fat accumulation in the hepatocytes when compared to that of the background liver [37] . The incidence increases from LGDN to HGDN and early HCC. Forty percent of early HCCs manifest diffuse fat accumulation [38] . The mechanism of fat accumulation in early hepatocarcinogenesis is presumed to be due to the deficient development of unpaired arteries and reduction of portal venous and nontumoral arterial flow, which induces intracellular fat accumulation in an ischemic/hypoxic environment [38] . After the development of unpaired arteries in progressed HCCs, the steatosis regresses [39] . Iron accumulation occurs preferentially in
LGDNs and in some HGDNs. With further de-differentiation, most HGDNs, early HCCs, and progressed HCCs become iron free [40] . 
OATP Transporters
Several recent studies demonstrated that the expression of OATP, which are transporters of bile salts, diminishes during hepatocarcinogenesis: OATP expression levels are high in RNs and LGDNs and lower in many HGDNs, early HCCs, and progressed HCCs [28, 41] . During hepatocarcinogenesis, OATP8 expression level decreases prior to complete neoangiogenesis, elevation of arterial flow, and reduction of portal venous flow, which are important associations for imaging-based detection of HCC using hepatobiliary contrast agents [41, 42] . However, rarely, some well-differentiated HCCs and about 5-12% of moderately differentiated HCCs paradoxically overexpress OATP (especially OATP8), which has been speculated to reflect a genetic alteration or different cellular origin during hepatocarcinogenesis [41] .
Imaging-Based Characterization of Borderline Hepatic Nodules
Ultrasonography To achieve detection and accurate characterization of borderline hepatic nodules in cirrhotic livers, application of state-of-the-art equipment and protocols is essential. Ultrasonography (US) has been used as a screening tool for HCC surveillance due to its safety, availability, and cost effectiveness. However, detection and sonographic features of HCC are nonspecific and diverse. With the background nodularity of cirrhotic liver, identification of borderline hepatic nodules is challenging because of its ill-defined border and small size. On gray-scale US, DNs manifest either as hypo-, iso-, or hyperechoic, which is similar to RNs or small HCCs [43] . Hyperechogenicity may be associated with fat content, while hypoechogenicity may reflect the internal homogeneity of DN ( Fig. 2 ) .
Currently, imaging assessment of the blood supply in these hepatic nodules is the most important parameter for characterization of diverse cirrhosis-associated nodules due to sequential angiogenesis and hemodynamic changes during hepatocarcinogenesis [44] . In Europe, Canada, and Asia, CEUS has been used as the third imaging modality, after CT and MRI, to detect and characterize various focal hepatic nodules, especially HCCs. Microbubblebased contrast agents are presently used and can be safely used in patients with renal failure since there is no renal excretion of the contrast agent [45] . On CEUS, DNs typically show isoor hypovascularity on arterial phase and isoechogenicity on subsequent phases [46, 47] . In transient phases prior to the development of unpaired arteries, DNs frequently appear hypovascular on arterial phase because of the reduction of arterial and portal supplies [29] . Meanwhile, early HCC or well-differentiated HCC with a vaguely nodular appearance has variable degrees of arterial and portal venous supplies. In HCCs with nodule in nodule type, focal nodular hypervascularity within the hypovascular DNs on arterial phase is a valuable finding on imaging studies for the characterization of early HCC [47] . In cases where early HCCs have arterial hypovascularity, histologically fewer unpaired arteries are demonstrated [30, 31] . Jang et al. [48] and Takahashi et al. [49] reported that 39% (9/23) and 41% (22/54) of welldifferentiated HCCs demonstrated no hypervascularity on CEUS. Therefore, the differential diagnosis of borderline hepatic nodules including HGDNs and early HCCs is frequently challenging in clinical practice.
CEUS is a recent advancement that uses a liver-specific contrast agent (Sonazoid; DaiichiSankyo, Tokyo, Japan) that is taken up by Kupffer cells on the late phase. Intravenously injected perflubutane contrast agent reaches the sites of a Kupffer defect allowing for an easier and more definitive detection of malignancy. The Kupffer defect is assessed in the Kupffer phase 6-10 min after arterial enhancement of the target nodule. Some investigators have tried to differentiate borderline hepatic nodules using a contrast agent [47, 50, 51] .
According to these studies, although no DNs showed hypoechogenicity in the Kupffer phase, 64-91% of well-differentiated HCCs showed almost complete isoechogenicity. Therefore, the role of CEUS with perflubutane is limited for the differentiation of borderline hepatic nodules.
Computed Tomography
Currently, all major HCC guidelines recommend using multiphasic CT scanning, which should include late hepatic arterial, portal venous, and delayed-phase (about 3-5 min) acquisitions, with extracellular contrast agents as a first-line imaging modality for the diagnosis of HCCs [6, [52] [53] [54] . Most DNs show iso-or hypoattenuation on arterial, portal venous, and delayed-phase images because of the relatively preserved hepatic arterial flow ( Fig. 2 ) [43, 55] . However, hepatic arterial flow in some HGDNs increases owing to neoangiogenesis resulting in the potential misdiagnosis of a hypervascular HCC [56] . These various imaging features are similar to early HCCs. It is reported that about 40% of HCCs lack the arterial- On CT images obtained after contrast injection during hepatic arterial ( a ) and 3-min delayed ( b ) phases, a 2-cm subtly hypoattenuated nodule (arrows) is noted in segment 6 of the liver. On Gd-EOB-DTPA-enhanced MRI, the nodule (arrows) shows hyperintensity on the T2-weighted image ( c ) and restricted diffusion on the diffusion-weighted image (b value = 800 s/mm 2 ) ( d ) and ADC map ( e ). On the opposed-phase image ( f ), foci (arrows) of decreased signal intensity are seen compared to the in-phase image ( g ), indicative of intratumoral fat. The nodule (arrows) demonstrates arterial hyperenhancement ( h ) and hypointensity on the 3-min delayed phase ( i ) and 20-min hepatobiliary phase ( j ) images. k Gross pathologic specimen reveals a vaguely nodular, yellowish tumor (arrows) without hemorrhage or necrosis.
phase hyperenhancement, which includes most early HCCs ( Fig. 3 ) [57, 58] . This can lead to a misdiagnosis, using extracellular contrast agents, of nondefinitive HCC. Lee et al. [59] reported that only 7 of 16 histologically confirmed early HCCs were detected by preoperative CT scan and 4 HCCs demonstrated hypoenhancement. Similar results were reported in a study by Takayasu et al. [60] . Nearly half (46%, 17/37) of the histologically proven early HCCs were not detected by CT scanning due to isoattenuation with respect to the background liver on unenhanced, arterial, and delayed enhanced CT scans. Furthermore, 95% (20/22) of HCCs among the detected HCCs on CT revealed hypoenhancement. On dynamic contrast-enhanced CT, most early HCCs also did not show arterial-phase hyperenhancement because of preservation of the portal venous flow [60] . Therefore, although per-lesion sensitivity in CT is variable for borderline hepatic nodules in a cirrhotic liver, CT commonly shows low perlesion sensitivity. CT with extracellular contrast agents is an unreliable technique for differentiation of these nodules because of their usual features with iso-or hypoattenuation on all postenhanced CT images [61] .
Magnetic Resonance Imaging
Techniques Currently, because MRI provides better soft-tissue contrast and information of tissue components, it seems to be more useful than other modalities for the detection and characterization of borderline hepatic nodules and progressed HCCs in the face of liver cirrhosis [62] . Pathological characteristics of an increased cellular density, arterioportal imbalance, and decreased OATP expression during the hepatocarcinogenesis could be evaluated by various MRI techniques. This includes T1-weighted imaging including chemical shift imaging, T2-weighted imaging, dynamic enhanced MRI with gadolinium-based extracellular contrast agents, liver-specific contrast agents, and diffusion-weighted imaging (DWI) [62] .
Precontrast T1-and T2-weighted imaging enables the identification of different tissue components both in the normal parenchyma and in a focal hepatic nodule. These components include the existence of fibrotic changes, water and fat contents, the entity of vascularization, and metabolites [63] . Arterioportal imbalance caused by increased arterial neovascularization and decreased portal venous flow is most frequently assessed by multiphasic dynamicenhanced MRI. This protocol includes at least 3 dynamic phases: the late hepatic arterial, portal venous (50 ∼ 70 s after contrast injection), and delayed (2 ∼ 3 min) phases. Three types of MR contrast agents are available for the evaluation of cirrhosis-associated nodules including gadolinium-based extracellular contrast agents, superparamagnetic iron oxide (SPIO) contrast agents, and hepatobiliary contrast agents. Gadolinium-based extracellular contrast agents contain low-molecular-weight gadolinium chelates that cause T1-shortening and are useful for the evaluation of tissue vascularity [24] . SPIO and hepatobiliary contrast agents are liver-specific contrast agents. SPIO agents show uptake in the reticuloendothelial system (RES; so-called Kupffer cells), and the hepatobiliary agents show uptake in hepatocytes and demonstrate biliary excretion [9] . Clinically used hepatobiliary agents include gadobenate dimeglumine (MultiHance; Bracco Imaging, Milan, Italy) or gadoxetate disodium (Gd-EOB-DTPA, gadoxetic acid disodium, Primovist; Bayer Schering Pharma, Germany). Recently, Gd-EOB-DTPA has been increasingly used to assess hepatic focal lesions including HCCs. It has dual properties that limit its distribution to the extracellular space. About 50% of the injection dose is actively taken up by hepatocytes via OATP8 and excreted into the bile duct via the multidrug resistance protein 2. The other 50% is removed by renal excretion [64] . Therefore, Gd-EOB-DTPA-enhanced MRI can provide not only information about the vascular phases, but also additional information regarding the hepatobiliary phase (HBP). Dynamicenhanced images obtained with gadobenate dimeglumine have features similar to those obtained with other extracellular contrast agents. However, images obtained with Gd-EOB-DTPA are somewhat different since significant uptake of hepatocytes has occurred by the end of the portal venous phase. Although SPIO contrast agents are beneficial for distinguishing between benign hepatocellular nodules and progressed HCC based on different degrees of iron uptake, they are no longer available in many countries.
DWI as a functional imaging technique is now used widely as the standard imaging sequence of a liver MRI. DWI provides information on cellular architecture on a micrometer scale, and can evaluate the cellular density of hepatocellular nodules [62, 65] . The degree of diffusion in water molecules per unit time is displayed using the apparent diffusion coefficient (ADC). Restricted diffusion means that the signal intensity is higher than the surrounding liver on DWI obtained with an intermediate to high range of b values (400-800 s/mm 2 ). The ADC value of the nodule should be comparable to or lower than that of the surrounding liver by visual assessment.
Characterization of Borderline Hepatic Nodules Using MRI The diagnostic performance for the diagnosis of HCCs is slightly better in dynamic MRI using extracellular contrast agents than multiphasic CT in several single-center comparative studies [66, 67] , but the differences are small. Nonsiderotic DNs (nodules that are not ironrich) characteristically show hyperintensity on T1-weighted images and iso-or hypointensity on T2-weighted images [24, 68] . Although the reason for these signal intensity characteristics is not well understood, the presence of paramagnetic materials or glycogen may contribute to T1 hyperintensity [69] . In contrast, siderotic or iron-rich nodules usually appear hypointense on T1-weighted images and moderately to markedly hypointense on T2-weighted and T2 * -weighted images. However, depending on the iron concentration, these nodules may appear slightly hyperintense on T1-weighted images [40] . On MRI, early HCCs show either iso-or hyperintensity on T1-weighted images and typically are isointense on T2-weighted images [70] , which suggests that an accurate diagnosis of borderline hepatic nodules using conventional MRI is difficult. Meanwhile, some DNs, especially HGDNs, contain higher intracellular fat than the background liver [71] . The nodules manifest as hyperintensity on T1-weighted in-phase images and have a signal drop on out-of-phase images ( Fig. 2 ) [72] . However, since intracellular steatosis is more frequently identified in early HCC than in DNs and a small number of progressed HCCs, the presence of intracellular fat is not a characteristic feature of DNs [73] . Therefore, based on signal intensity characteristics on nonenhanced MRI alone, differentiation between DNs and HCCs is challenging because of the similar signal intensities on nonenhanced T1-and T2-weighted images [68] .
With regard to the diagnosis of HCC, DWI has shown additional value to gadoliniumenhanced MRI by incrementally increasing the detection rate of HCC ( Fig. 3 ) [74, 75] . The presence of restricted diffusion favors the diagnosis of malignancy and helps differentiate HCCs from DNs because restrictive diffusion reflects tissue hypercellularity [65] . However, considerable HCCs, particularly those with well-differentiated components, show no or minimal restricted diffusion [76] .
According to current reports, Gd-EOB-DTPA-enhanced MRI enables the accurate detection and characterization of HCCs and has demonstrated an increased sensitivity for the detection of HCCs. In addition, Gd-EOB-DTPA-enhanced MRI has been reported to have a superior performance for detecting small HCCs compared to CT or MRI with extracellular contrast agents [77, 78] . Ichikawa et al. [79] reported that early HCCs were more frequently identified on HBP in Gd-EOB-DTPA-enhanced MRI (97%) than on other imaging modalities including multiphasic CT, unenhanced MRI, and CT angiography (57-73%). Since early HCCs show incomplete neoangiogenesis, isoattenuation on vascular phases is frequently seen in approximately 44% of early HCCs on multiphasic CT images [59] . However, because OATP8 expression decreases during hepatocarcinogenesis prior to complete neoangiogenesis and increased arterial flow, borderline hepatic nodules can be seen as nonhypervascular and hypointense nodules on HBP [80] [81] [82] . On Gd-EOB-DTPA-enhanced MRI, a considerable number of early HCCs, and some HGDNs, are hypointense on HBP [78] due to underexpression of OATP ( Fig. 2 and 3 ). In contrast, most RNs, LGDNs, some HGDNs, and only a minority of HCCs show iso-or hyperintensity because of preserved OATP expression [83] . Therefore, precise differentiation of borderline hepatic nodules in cirrhotic liver using Gd-EOB-DTPA-enhanced MRI is a challenging issue. Recently, increasing interest has focused on the signal intensity of HCCs on HBP images as a potential imaging biomarker [84, 85] . Hyperintense HCCs on HBP have been reported to have histological features related to favorable outcomes more frequently than hypointense HCCs. In addition, nonhypervascular and hypointense nodules on HBP have gained growing interest due to the ability of borderline hepatic nodules to progress onto the subsequent sequences of hepatocarcinogenesis. According to recent studies, this development is not uncommon since 13.1-37.6% of nonhypervascular and hypointense borderline nodules larger than 1 cm on HBP developed into hypervascular HCCs during the 12-month follow-up [86, 87] . Furthermore, approximately 30% of new hypervascular HCCs manifest as nonhypervascular and hypointense nodules on HBP before arterial hypervascularity develops on serial follow-ups with Gd-EOB-DTPAenhanced MRI [88] . Meanwhile, Ohama et al. [51] reported that 31 of 33 hypovascular welldifferentiated HCCs showed hypointensity on the HBP of Gd-EOB-DTPA-enhanced MRI, whereas only 3 of 33 hypovascular well-differentiated HCCs were hypoechoic on the Kupffer phase images on the Sonazoid-enhanced US. This study suggests that uptake of Sonazoid starts decreasing later than that of Gd-EOB-DTPA in stepwise hepatocarcinogenesis. Therefore, hypointensity on HBP images precedes hypoechogenicity on the Kupffer phase images, and the identification of these borderline hepatic nodules on HBP images is critical for predicting tumor behavior and deciding if the proper management of the lesions is treatment or expedited follow-up. 
Summary
Imaging features and pathological alterations during hepatocarcinogenesis are summarized in Figure 4 . During hepatocarcinogenesis, progressively increased unpaired arteries and diminished portal supply (contained portal veins and nontumoral hepatic arteries) lead to the hallmark diagnostic features of HCCs as hyperenhancement on arterial phase and the washout appearance on portal venous or delayed-phase images. Because of incomplete neoangiogenesis and decreased total blood flow, HGDNs and early HCCs are usually hypovascular relative to the background liver on arterial and portal venous phases. Intracellular fat and copper concentration are higher in HGDNs and early HCCS than in background liver and overt HCCs. The higher concentration causes a hyperintense change on a T1-weighted image. Intracellular steatosis is more frequently identified in early HCC and DNs, and it is identified as a hyperintensity on T1-weighted in-phase images and a signal drop on out-of-phase images. Typical overt HCCs show mild-moderate hyperintensity on T2-weighted image and restricted diffusion. Some borderline hepatic nodules also manifest these features. The level of OATP expression progressively decreases, and a considerable number of early HCCs and some HGDNs are hypointense on HBP. Therefore, due to similar and overlapping imaging features between HGDNs and early HCCs, accurate diagnosis of these borderline hepatic nodules is still challenging. However, a nonhypervascular and hypointense nodule on HBP is a strong predictor of premalignancy or malignancy, and this imaging feature can be identified prior to neoangiogenesis and progression to overt HCC. Hence, the identification of these borderline nodules for progression to overt HCCs on the basis of the imaging features is critical for determining the proper management strategy for these patients.
Conclusions
Angiogenic and functional assessments are currently the mainstay of the diagnosis of hepatocarcinogenesis. Correlation of functional imaging and molecular pathology is possible with new contrast agents. Detection and precise differentiation of borderline hepatic nodules such as HGDNs and early HCCs remain challenging issues. Multiparametric evaluation of tumor morphology, vascularity, cellularity, OATP function, and Kupffer cell function using functional imaging modalities with new molecular contrast agents may be useful for the characterization of these hepatic nodules. Diagnostic refinements can be achieved by using recent biomarkers, including imaging (DWI, Gd-EOB-DTPA-enhanced MRI) and pathological (molecular markers) biomarkers.
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